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Abstract 
Background: Cognition is a key component of an individual's life that becomes even more significant 
for sportsmen due to the nature of the activities they participate in. The current study studied the 
influence of cognitive training on the working memory capacity and mindful attention ability of 
sportsmen.  
Materials and Methods: A 3-week (21-day consecutive) self-designed cognitive training programme 
was administered to fourteen (N=14) male participants aged 21-23 years, who were randomly divided 
into two groups: experimental and control (N=7 each). The experimental group followed a 3-week 
cognitive training course of 15m/session, while the control group merely followed their daily routine. 
The study used a quasi-experimental pre-test-post-test descriptive research design.  
Outcome Measures: Working memory capacity was measured using the Digit Span test and mindful 
attention was measured using the Mindful Attention Awareness Scale (MAAS). Paired t-test and 
ANCOVA statistical interventions were used, and the significance level was set at .05 levels.  
Results: The findings showed that the experiment group which underwent cognitive training for 3 weeks, 
showed a significant improvement (p<0.05) in their working memory capacity and mindful attention 
ability.  
Conclusion: The findings of the study reveals that a 3-week (21-day continuous) cognitive training 
programme considerably improves sportsmen's working memory capacity and mindful attention ability. 

 
Keywords: Cognition, cognitive training, sportsmen, working memory, mindful attention 

 

1. Introduction 
The mental processes involved in acquiring information and comprehension are referred to as 
cognition. It involves activities such as thinking, knowing, remembering, judging, and problem 
solving, as well as higher-level brain functions such as language, imagination, perception, and 
planning [1]. The basic cognitive abilities of humans can be amplified by the means of targeted 
cognitive training [2-5], which has been proven in many other research works also. It is now 
possible to investigate not only the functional anatomy of neural networks but also the quality 
of the genetic variants that may contribute to individual variance in acquiring skills as well as 
performance [6]. Cognitive training consists of specially designed training programmes that 
provide supervised practise in order to improve efficiency in one or more cognitive domains 
[7]. In recent years, several different types of cognitive training strategies have been applied by 
researchers in order to target varying cognitive abilities. Sporting activities can be organised, 
casual, or recreational, and can be physical or non-physical in nature. When most people think 
about sports, they think of them as purely athletic endeavours that require only motor skills to 
flourish. However, research in the domains of sports, psychology, and physical education has 
proven that excelling physically is difficult without optimally developed mental or cognitive 
abilities. According to researchers, intentionally employing cognitive abilities will magnify 
them in turn [8] cognitive ability. Cognitive ability like working memory, which is the ability to 
hold information temporarily in a limited capacity [9], plays an important role in the skill 
acquisition and execution process, and cognitive ability like mindful attention, which is the 
ability to bring a person’s attention to the present moment [10], helps an individual in properly 
allocating attentional resources to the most relevant stimuli and also in calming the mind from 
unwanted stress. 
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The most effective development of these skills becomes 

crucial because sports involve unpredictability in every 

aspect. Many other strategies have been employed by authors 

to increase cognitive capacities in athletes, including 

specifically designed equipment-based training [11, 12], video-

based training [13], and others. None of the research focusing 

on athletes, however, used a combination of both mental and 

physical tasks to target cognitive abilities. Some of the main 

disadvantages of existing cognitive training approaches are 

that they are either too expensive or too hard to implement. 

This study uses a self-designed cognitive training plan that 

involves both light physical activity and cognitive activities, 

with the purpose of primarily targeting working memory and 

mindful attention. 

 

2. Materials and Methods 

2.1 Participants: The participants were selected purposively 

selected from Trivandrum district, Kerala state, India country. 

24 sportsmen between the age range of 21-23 years (with a 

mean age of 22 years) were screened based on certain pre-set 

criteria viz. (a)should be involved in regular sporting 

activities; (b) should be physically and mentally sound; (c) 

willingness to be part of the study should be entirely 

voluntary. After screening for the criteria 14 participants were 

shortlisted and were randomly assigned to two groups 

(Experimental and Control, N=7 each).  

 

2.2 Measures: The following instruments were used to obtain 

raw data on the effect of cognitive training on working 

memory and mindful attention. 

a) Demographic Information: The participants' names, 

ages, willingness to engage in the study, injuries, and 

medical history were obtained through a self-

administered open-ended questionnaire. 

b) Working Memory: Working memory was measured 

using the Digit Span test. The Digit Span test is a simple 

measure of working memory capacity. Each subject is 

shown a series of numbers on the laptop screen, one 

series at a time (e.g., 73,734.7349, etc). There are two 

variations of the test, via the forward and backward digit 

span test. The forward version has been used in this 

study, where the subject has to recall and type the digits 

in the order in which they are displayed on the screen. 

For each subsequent trial sequence, the number of digits 

presented increases by one. There is no change in the 

number of digits available for the next trial if any digits 

are missing or they are in the wrong order following a 

failed trial. For a certain digit span, the job is finished if 

the subject fails to correctly answer two consecutive 

questions. It is the total number of consecutive digits that 

are correctly recalled that determines the final score. 

Originally, the test was administered verbally, but in this 

study the test was administered using a 14-inch laptop, 

screen 35cm away from the subject and with the help of 

the PsyToolkit programme (Based on the 

recommendations of other authors [16-18]. 

c) Mindful Attention: Mindful attention was measured 

using the Mindful Attention Awareness Scale (MAAS). 

It's a 15-item questionnaire developed by Brown and 

Ryan in 2003 and scored on a 6-point Likert-scale (6 = 

nearly never; 1 = very often) and is intended to assess the 

extent to which people are paying attention to particular 

stimuli (the most relevant) while performing multiple 

tasks. The final score is calculated by dividing the total 

number of questions (i.e., 15) by the total number of 

items (i.e., 15), a higher score indicates a better level of 

mindfulness ability [19]. 

 

2.3 Procedure: The aim and objective of the study, as well as 

the researcher's intention, were thoroughly conveyed to the 

participants and to their coaches and teachers prior to the start 

of the training. A trainer with a professional qualification in 

physical education (Specialising in sports psychology) was 

also recruited, and the entire process of the study was 

thoroughly explained in minute detail. In addition, the 

researcher held two practical sessions for the trainer to 

familiarise him with the testing and training processes. 

Following that, a demographic questionnaire and consent 

form were distributed to participants in order to collect the 

necessary information, and after screening those 

questionnaires, suiTable participants were selected and 

allocated to two distinct groups, namely the experimental 

group and the control group, followed by a pre-test. Each of 

the participants received 10-15 minutes of testing time. The 

experimental group participated in a three-week cognitive-

based training programme (designed by the author), and after 

the treatment ended, a post-test was administered to determine 

the effect of the training. In addition, participants and 

coaches/teachers were guaranteed that any data or records 

gathered from them would be kept totally confidential. This 

study used a quasi-experimental (pre-test/post-test) 

descriptive research design. 

 

2.4 Cognitive-based training programme used in the 

present study: The experimental group underwent training 

using a self-designed cognitive training programme that 

comprised modest physical activities as well as mentally 

demanding activities that targeted the cognitive domain (dual-

tasking in nature). Especially prefrontal cortex [20], medial 

cortex [21] and parietal lobes [22] responsible for memory and 

attention related activities. The training programme was 

specifically designed with the intention of engaging working 

memory and mindful attention. Based on the 

recommendations of some previous studies the training was 

implemented for 25 minutes per session for three weeks (21 

days continuous) [23, 24]. The training combines moderate and 

basic physical activities (taping the ball, throwing, and 

walking) with mentally demanding tasks (remembering and 

cancelling numbers) and mindfulness meditation, which is 

simple to administer and practise. 

 

2.5 Cognitive Training Programme: Training using ball (in 

progression level) + numbers pasted on the wall and 

remembering those numbers (6 min.); 2 min. rest; Number 

cancellation+ Walking (6 min.); 1 min. rest+ Mindfulness 

meditation (10 min.); Finally reproducing the remembered 

numbers from the 1st activity (i.e., Training using ball). 

 

Weekly plan for 3 weeks 

Week 1: Tapping the tennis ball (one ball) on the ground 

using both the hands along with that reading the numbers 

pasted on the wall (large font) and when the trainer call out a 

number the subject has to throw the ball on that particular 

number (using preferred hand) then catch it back and again 

start tapping tennis ball on the ground using both the hands; 

Slow walking (in desired area) along with number 

cancellation (large font size); mindfulness meditation using 

the mindful breathing technique (i.e., to identify the breath 

while breathing in and out without any interruption to the 

breathing process) and finally the subject has to write down 
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the 7 numbers that the trainer has asked them to throw ball in 

the first activity in the same sequence as that of the trainer. 

 

Week 2: Tapping the tennis ball (one ball) on the ground 

using both the hands along with that reading the numbers 

pasted on the wall (large font, and the number of numbers 

pasted on the wall will be increased) and when the trainer call 

out a number the subject has to throw the ball on that 

particular number (using preferred hand) then catch it back 

and again start tapping tennis ball on the ground using both 

the hands; Slow walking (in a designated zone pre decided by 

the trainer) along with that number cancellation (medium font 

size); mindfulness meditation using the mindful breathing 

technique (i.e., to identify the breath while breathing in and 

out without any interruption to the breathing process) and 

finally the subject has to write down the 9 words that the 

trainer has asked them to throw ball in the first activity in the 

same sequence as that of the trainer. 

 

Week 3: Tapping two tennis balls on the ground using both 

the hands along with that reading the numbers pasted on the 

wall (medium font) and when the trainer call out a number the 

subject has to throw one ball on that particular number (using 

preferred hand) then catch it back and again start tapping both 

the balls again using both the hands; Brisk walking (in a 

designated zone pre decided by the trainer) along with 

number cancellation (small font size); mindfulness meditation 

using the mindful breathing technique (i.e., to identify the 

breath while breathing in and out without any interruption to 

the breathing process) and finally the subject has to write 

down the 11 words that the trainer has asked them to throw 

ball in the first activity in the same sequence as that of the 

trainer. 

 

Note: For number cancellation activity the trainer calls out a 

number from the paper provided to the subjects and the 

subject has to strikeout those numbers from the paper.  

 

2.6 Data analysis 

IBM-SPSS 22 was used to assess the raw data. For all 

dependent variables, descriptive analysis (mean and standard 

deviation), normality analysis (the Shapiro-Wilk test), paired 

t-test and analysis of covariance (ANCOVA) were performed. 

The significance level was set at.05 levels in advance. 

 

3. Results 

 
Table 1: Descriptive statistics and paired t-test values of mindful 

attention and working memory 
 

Dependent 

Variable 
Groups 

Pre-Test Post-Test 
T (7) P 

Mean SD Mean SD 

Mindful 

Attention 

Control Group 3.932 .653 3.987 .621 -2.254 .065 

Experimental 

Group 
3.300 1.101 3.771 1.008 

-

3.963* 
.007 

Working 

Memory 

Control Group 5.285 .755 5.142 .899 .548 .604 

Experimental 

Group 
5.285 .951 6.714 1.112 -7.071 .000 

*Significant at 0.05 level 
 

In the above Table 1, the mean scores pre-test and post-test 

for mindful attention are 3.932 & 3.987. (SD=.653 & .621) 

and 3.300 & 3.771 (SD=1.101 & 1.008) for the control and 

experimental groups, respectively. And for working memory 

are 5.285 & 5.142 (SD=.755& .899) and 5.285 & 6.714 (SD= 

.951 & 1.112) for the control and experimental groups, 

respectively. The obtained statical value of the paired t shows 

that the experimental group showed significant improvement 

in their mindful attention (T=-3.963, P=.007) and working 

memory (T=-7.071, P=.000) score post the cognitive training 

intervention for three weeks. 

 
Table 2: ANCOVA of cognitive training on mindful attention and 

working memory (Post-Test) among control and experimental group 

with adjusted post-test mean 
 

Dependent 

Variable 
Groups 

Mean 

Difference 

F 

(1,11) 
Sig. ɳ2 

Mindful 

Attention 

Control (3.704) -.351 
8.122* .016 .425 

Experimental (4.055) .351 

Working 

Memory 

Control (5.143) -1.571 
20.966* 

. 

001 

. 

656 Experimental (6.714) 1.571 

*Significant at 0.05 level 
 

Table 2, A one-way ANCOVA was conducted to compare the 

effect of cognitive training on mindful attention & working 

memory (post-test) while controlling for mindful attention & 

working memory (pre-test). Levene’s test and normality 

checks were carried out and the assumptions met. the result of 

the ANCOVA reveals that there is a statistically significant 

difference in mindful attention & working memory (post-test) 

[F(1,11)=8.122, p<.05(.016), Partial ɳ2=.425] & [F(1,11)= 

20.966, p<.05(.001), Partial ɳ2=.656] respectively while 

controlling mindful attention & working memory (pre-test) 

between the groups (i.e., control and experimental groups). 

The mean difference after adjusting the mean for pre-test also 

showed that there is a statistically significant difference 

between the post-test scores of the control and experimental 

groups on the dependent variables mindful attention & 

working memory due to the effect of the independent variable 

(cognitive training). For instance, the experimental group 

significantly improved from that of the control group in 

mindful attention with a mean difference of .351 (P=.016) and 

working memory with a mean difference 0f 1.571 (P=.001). 

The Partial ɳ2 value for mindful attention when compared 

with the Cohen’s guidelines (0.2-small effect, 0.5-moderate 

effect, 0.8-large effect) indicated a small effect size (Partial 

ɳ2=.425). The partial ɳ2 value showed a 42.5% variance in the 

mindful attention (post-test) between the control and 

experimental groups while controlling the pre-test scores. And 

for working memory showed moderate effect size (Partial 

ɳ2=.656). The partial ɳ2 value showed a 65.6% variance in the 

working memory (post-test) between the control and 

experimental groups while controlling the pre-test scores. 

 

4. Discussion  

The current paper examines the effect of cognitive training on 

mindful attention and working memory among sportsmen. 

Given that successful careers in sports and producing winning 

or record-breaking performances demand slightly better 

cognitive skills than those of the average person [25], it is 

obvious that it is important to develop cognitive abilities that 

go beyond those that are innate or learned through experience. 

Just as physical training increases physical ability, mental or 

cognitive training increases mental ability. This idea is 

directly supported by the science of neuroplasticity, which is 

the brain's innate capacity for dynamic change through the 

formation and rebuilding of new neural connections and 

networks, or more simply put, through simple learning [26]. In 

contrast to the availability and expense of equipment for 

doing physical training, equipment for performing brain or 

cognitive training is restricted and expensive. When examined 

in the context of India, it becomes much rarer, as these 
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advanced equipment’s needs to be imported from foreign 

nations and is costly, making its accessibility rarer in India. A 

lack of information surrounding sports psychology and the 

significance and advantages of such training also adds to the 

current issue. 

Through this study, the author aimed to find the effect of a 

self-designed cognitive training programme on the mindful 

attention and working memory abilities of the sportsmen. The 

cognitive training programme was devised following a 

comprehensive literature study and assistance from 

professionals in the field of sports psychology. The cognitive 

training programme is simple to administer, requires 

relatively simple equipment, and can be completed in a short 

space (which in the Indian context is an important element). 

After three weeks of training (21 consecutive days), the 

experimental group’s mindful attention and working memory 

performance rose more than those of the control group. The 

large rise in the sportsmen's mindful attention and working 

memory may be due to the study's new dual-tasking cognitive 

training strategy, which combined physical and cognitive 

features in a simultaneous manner. The findings that cognitive 

training increases working memory gain support from the 

findings of Wu Y, et al., 2023 [27] and Riker, et al., 2022 [28], 

who, after analysing numerous studies, discovered that 

combining cognitive training with physical activity training 

improves working memory.  

The findings that cognitive training increases mindful 

attention may be attributed to the novel dual-tasking cognitive 

training design, as there were specific training elements 

(mindfulness meditation) in the cognitive training design that 

might have aided this improvement. Some studies that used 

mindfulness meditation as an intervention also found that it 

affected the cognitive domain [29, 30]. And in a systematic 

review by Farhang et al., 2019 [31], they found that mind-body 

interventions improve mindfulness, although their target 

population was older adults. 

Additionally, there are no similar studies incorporating a 

similar cognitive training design, methodology, and 

evaluation protocol with sportsmen as the key population, 

there are numerous studies that inquire about the effectiveness 

of cognitive training on various cognitive abilities in a varied 

subject population, and almost all of the studies found 

promising results. Furthermore, research that used cutting-

edge brain mapping equipment (EEG) with proper scientific 

protocols as a testing tool found that as a result of brain 

training or cognitive training, certain brain regions are getting 

increased activity, and regions that were dormant before 

training showed signs of activation after training [32]. 

 

5. Conclusion 

In conclusion, the authors suggests that any athlete who wants 

to develop their cognitive abilities (particularly mindful 

attention and working memory) ought to consider the training 

programme employed in this study, as this will be reflected in 

their athletic performance. The findings of Verburgh et al., 

2014 [33]; Cona et al., 2015 [34]; Walton et al., 2018 [35]; and 

Scharfen and Memmert, 2019 [36] corroborate the claim that 

cognitive training will increase sporting performance. The 

most significant problem in this study is the lack of adequate 

testing techniques, as expensive technology is required to 

evaluate minute and exact improvements in the brain. Which, 

in the Indian context, is neither available nor viable if one 

wishes to obtain it (costly and unavailable in the Indian 

market). Future study should focus on developing 

individualised training programmes that incorporate various 

cognitive training modalities while striving to precisely target 

distinct cognitive processes (Which are required of athletes 

depending on the sport they play). 
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